SUMMARY A recent review ofthe literature identified several common methodological weaknesses in studies of the effects of occupational exposures on male and female reproductive processes. This paper suggests a strategy which addresses these problems, by the use of a standard method. The potential benefits include increased measurement reliability and statistical power, together with a systematic study ofexpected (background) rates, confounding effects, types ofexposure and selection effects. Particular advantages are the avoidance of designating a group as non-exposed with attendant problems of bias, and in the longer term the study of multiple or rare exposures.
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There is considerable public anxiety about possible occupational hazards affecting fertility and pregnancy outcome. Reports of clusters of reproductive failure are becoming increasingly common, and there are enough reports of adverse reproductive outcomes associated with exposure of experimental animals or of humans to warrant further research into this important field. Ill-founded anxiety can affect employment policies and can cause considerable personal suffering, and it is clearly important to identify and remove proven hazards.
A comprehensive recent review' of reports published since 1981 included 27 case control studies, 12 sperm studies and 39 surveys of occupationallydefined populations. Several common weaknesses were identified in the methods used. These were inadequate sample size, inappropriate control groups, inadequate attention to potentially confounding factors, poor characterisation of exposures, low response rates, and potential for recall and selection biases. Although these problems may not have occurred in every study, their frequency indicates the magnitude of the task faced by all researchers in this field.
The purpose of this paper is to address the need for an improved method, in the context of surveys of occupationally-defined populations, both of male and female workers. The cornerstone is the use of a core questionnaire together with a standard approach to coding and analysis of data.
Advantages of a standard method RELIABILITY OF OUTCOME VARIABLES
The need for reliable information has led some authors to conclude that questionnaire data should be verified using central registers or hospital records, particularly for certain outcome variables including miscarriages,2 birth weight5 and congenital malformations.' The main problem encountered in each case has been bias as a result of the tendency for non-exposed subjects to give less reliable replies5 and/or to under-report events. l-3 This suggests that a research strategy which provides an adequate control population, but which does not rely upon non-exposed subjects, would make it acceptable to use outcome variables derived from questionnaire data. Such a strategy is described below.
A core questionnaire would need to be tested for reliability. The author's questionnaire is described elsewhere.6 It comprises a reproductive history, a history of occupational exposures and information on background and confounding variables; in addition, exposure data are obtained directly from the factories participating in the research. Reliability was found to be acceptable, or better, for the key variables. If a standard method is used for a number of related studies, the data can be pooled, with consequent improvement in statistical power. Attention must then be given to the question ofweighting.7 8 Altematively, data obtained in a standardised way can be examined for consistency.
Further, if research is designed in such a way that comparisons of the data are valid, subsequent study populations can be chosen to make the most of existing results. Thus, if a hypothesis has been tested and the results neither confirm nor convincingly reject 209 210 it because the population size is insufficient, a further population with the same exposure can be studied in order to achieve a decision. A systematic standardised approach is more effective, and therefore a better use of resources, than inconsistency and fragmentation.
EXPECTED RATES OF REPRODUCTIVE OUTCOME Observed rates can be compared both with other rates generated by the same method, the strategy for which is outlined below, and by published rates where these exist. For some reproductive outcomes such as low birthweight and perinatal mortality, baseline rates are available for the country as a whole and for different regions.9 This is not the case for some of the other outcome variables, for example miscarriages and infertile phases, for which comparable national data are not available. The principal benefit of using such external comparisons is the relatively greater statistical power for a given size of study cohort. However, it is essential also to make internal comparisons, which raises the problem of the selection of an appropriate comparison group in order to generate expected rates for each outcome variable.'" An important advantage of the systematic use of a standard method is that expected rates can be generated in the course of the research. Whereas a study of a single occupational group requires an unexposed group for comparison, this is not necessary if several different occupations are included in the population. The pooling of data makes possible a method which proceeds by means of progressive refinements, whereby exposure groups with negative findings are subsequently used as control groups. It is unlikely that a large proportion of exposures are bio-active in such a way that they affect reproductive outcomes. This assumption opens up the possibility of treating observed rates for certain agents as those expected for unexposed groups, once these agents have been adequately characterised as harmless. The aim of a systematic research programme therefore becomes one of separating agents into "possibly harmful" and "baseline" categories, with new populations being recruited in order to resolve the borderline issues. None of this is possible if heterogeneous methods are used. The assessment of exposures requires a combination of approaches: information from questionnaires should be complemented by data supplied by the companies taking part in the study." '3 As well as measurement issues, the subject of exposures raises a problem for analysis. Recruitment to a study is by occupational type rather than by pure exposure category. In general, occupational categories and exposure categories cross-cut one another: solvents, for example, are used in a variety of occupations, and in most of these the work also involves exposure to other agents. For reproductive outcome variables, the quality of well-collected retrospective interview data is generally satisfactory when compared with concurrently recorded information in hospital records;"" '8 however, this does not hold if biasing effects are present. As mentioned above, such biases have been demonstrated, resulting from relatively inaccurate reporting by respondents in unexposed groups. The use of a standard method means that, since baseline information is partly derived from the study of populations exposed to agents subsequently found to be harmless, there is no need to rely on control groups designated as non-exposed. The substantial psychological difference between exposed and nonexposed status for participants in the study is no longer a barrier to obtaining reliable comparisons.
It is true that a more subtle variant can occur, that workers exposed to agents perceived as harmful may respond differently from those who have no anxiety about the possible reproductive effects of their working environment. The author's method includes a question on risk perception in order that this question can be studied empirically, and adjusted for if necessary. 6 19 In order to minimise bias due to non-response, interviews are clearly preferable to self-completion questionnaires,'7 despite the greater expense. In addition, response bias can be studied empirically as part of the study of baseline rates and their variation: after suspicious or harmful agents have been excluded, the association between each outcome variable and the response rate in that workplace or department can be measured.20 This is only feasible on pooled data.
SELECTION EFFECTS
For men, there is no reason to suppose that their reproductive health and their working lives interact in such a way that bias results. In the case of women, the situation is more complex. It is uncertain whether or not a "healthy worker effect" is to be expected for reproductive outcomes. The French national study of 1981 found no evidence for this, but the cross-sectional design of the research might have obscured such an effect. More important than the interaction ofworking life with health is that with child-care responsibilities. '9 There are four main effects. Since in many countries most women are absent from the workforce for some time after the birth of a child, any employed female population is likely to contain a proportion of relatively infertile women. Women who have young children and whose circumstances are desperate may be driven to go to work even though they would rather not do so, and as a result the effects of social deprivation are confounded with occupational effects. A similar but opposite confounding effect can occur among professional women, who are able to combine child-rearing with a career. Women who have a precarious pregnancy, or who are at very high obstetric risk, may avoid employment altogether. Such biases can be avoided if great care is exercised in the design and analysis of investigations, but this is only feasible in the context of a systematic research strategy using a consistent method.
Conclusion
A research strategy has been outlined, based on the use of a standard method analogous to those employed in other branches of epidemiology, for example the MRC respiratory questionnaire.25 26 It would enable several methodological problems in this area of research to be addressed, including selection effects and biases, the need to analyse data in terms of exposure categories rather than occupational descriptions, and the importance of a systematic study both of background rates and of confounding effects. This would also increase the effective size of the population studied. 
